This study investigated the maximum tolerated dose (MTD) of S-1 with concurrent radiotherapy in patients with head and neck cancer, based on the frequency of dose-limiting toxicities (DLT). S-1 was administered orally at escalating doses from 40 mg/m 2 b.i.d. on the days of delivering radiotherapy, which was given at a total dose of 64-70 Gy in 32-35 fractions over 6-7 weeks. A total of 12 patients (3 patients at 40 mg/m Among the 12 enrolled patients, 9 (75%) showed a complete response and 3 (25%) showed a partial response. The overall response rate was 100%. The recommended dose of S-1 with concurrent radiotherapy is 60 mg/m 2 .
INTRODUCTION
Platinum-based chemotherapy has been the chief regimen used in studies of concurrent chemoradiotherapy (CCRT) [1] . However, platinum-based regimens cannot be administered to patients with features such as advanced age, renal dysfunction, or refusal of hospitalization. Therefore, chemotherapy that can be delivered to such patients during radiotherapy is required.
S-1 is a novel oral drug, which is a combination of tegafur, 5-chloro-2,4-dihydroxypyridine (gimeracil), and potassium oxonate (oteracil) at a 1:0.4:1 molar concentration ratio [2] . Tegafur is hydroxylated and converted to 5-FU by hepatic microsomal enzymes. After intravenous injection, more than 85% of 5-FU is rapidly catabolized by the enzyme dihydropyrimidine dehydrogenase (DPD) [3] . Gimeracil is a competitive inhibitor of DPD that prevents the rapid degradation of 5-FU, and acts to maintain effective 5-FU levels in the plasma and tumor tissue. It is 180 times more potent than uracil, the DPD inhibitor found in uracil-tegafur (UFT), so an effective concentration of 5-FU is maintained in both the plasma and tumor tissue after S-1 administration [4] . We previously found that gimeracil also has a radiosensitizing effect by inhibiting the repair of double-stranded DNA breaks [5] . Oteracil is a competitive inhibitor of orotate phosphoribosyltransferase (OPRT), which inhibits phosphorylation of 5-FU in the gastrointestinal tract and thus reduces serious gastrointestinal toxicity associated with 5-FU therapy [6] .
The antitumor effect of S-1 has already been demonstrated in patients with a variety of solid tumors, including advanced gastric cancer [7] , colorectal cancer [8] , non-small-cell lung cancer [9] , and head and neck cancer [10] . Thus, S-1 has shown promising antitumor activity against head and neck cancer, and is much more convenient than continuous intravenous 5-FU infusion as it is administered orally. Radiotherapy could be combined with S-1 therapy in patients for whom platinum-based chemotherapy is not applicable. Therefore, we conducted a Phase I trial to determine the maximum tolerated dose of S-1 with concurrent radiotherapy in patients with head and neck cancer, based on the frequency of dose-limiting toxicities (DLT).
MATERIALS AND METHODS

Eligibility
Patients with histopathologically proven squamous cell carcinoma of the head and neck were eligible for this study. They were required to be at least 20 years old, to have an Eastern Cooperative Oncology Group performance status of 2 or less, and to have adequate organ function (leukocytes ≥ 3500/mm 3 , platelets ≥ 100 000/mm 3 , hemoglobin ≥ 9.0 g/dl, normal serum creatinine and blood urea nitrogen, serum glutamic oxaloacetic transaminase (GOT) ≤ 100 U/l, serum glutaminic pyruvic transaminase (GPT) ≤ 100 U/l, and serum albumin ≥ 3.0 g/dl). Patients were excluded if they had received prior systemic therapy or radiotherapy, had another active malignancy, active infection, active gastric/duodenal ulcer, severe concurrent disease, or mental disorder.
This study was performed according to the guidelines of the Declaration of Helsinki (as amended in Edinburgh, Scotland in October 2000) and its protocol was approved by the Institutional Review Board of Sapporo Medical University School of Medicine. All patients gave written informed consent before being enrolled in this study. Fig. 1 shows the treatment schedule. Radiotherapy was initiated on Day 1 of the study using 4 MV photons. A fractional daily dose of 2.0 Gy (5 days/week) at the isocenter was given till a total dose of 64-70 Gy had been administered. Treatment planning was performed with a CT simulator (Asteion; Toshiba Medical Systems, Tokyo, Japan) for all patients, and the dose distribution was calculated with a 3D treatment planning system (Xio; CMS Japan KK, Tokyo, Japan).
Treatment
S-1 (Taiho Pharmaceutical Co., Tokyo, Japan) was administered orally twice a day after meals every day, except on the weekends and holidays when radiotherapy was not performed. Each capsule of S-1 contained 20 or 25 mg of tegafur, and individual doses were rounded down to the nearest amount less than the dose calculated according to the body surface area, using the two available formulations.
The /day) was selected because it was deemed to be safe based on our prior experience of S-1 (50 mg/body/day) chemoradiotherapy (CRT).
Evaluations during CRT included a weekly history, physical examination, hematology and biochemistry, and assessment of toxicity. DLT was defined as Grade 3 or 4 nonhematologic toxicity (excluding Grade 3 radiation mucositis and dermatitis), Grade 4 hematologic toxicity occurring during treatment or within two weeks after completing treatment, or requirement for suspension of either S-1 or radiation therapy for seven days or more. If mucositis became severe, we managed it with appropriate analgesics and mucosal protective agents in order to alleviate the symptoms. If none of the three patients experienced any DLTs at a given dose level, the dose of S-1 was escalated for the next cohort of three patients. If one of the initial three patients experienced a DLT, three more patients were added at that dose level. Dose escalation continued if DLTs were only observed in one or two out of six patients. If three or more patients experienced DLTs at a dose level, the previous dose level was defined as the maximum tolerated dose (MTD). Thus, if two or three of the initial three patients experienced DLTs, the starting dose level would be the MTD.
RESULT
Patient characteristics
A total of 12 patients were enrolled in this study between April 2008 and December 2009. The characteristics of the eligible patients are outlined in Table 1 : Nine of the patients were men and three were women, with a median age of 71 years. None of the patients had received prior chemotherapy or radiation therapy.
Toxicity
All treated patients (n = 12) were assessed for toxicities. The toxicities observed during treatment or within two weeks of completing treatment are listed in Table 2 . Three patients were treated with S-1 at dose Level 1 (40 mg/m 2 / day) and six patients at dose Level 2 (60 mg/m 2 /day). Of the latter, one experienced rapid-onset Grade 1 thrombocytopenia with a systemic maculopapular rash. After the dose of S-1 was reduced, there was no improvement of these symptoms, so S-1 was stopped. In addition, one patient experienced Grade 3 mucositis at a radiation dose of approximately 20 Gy.
Of the initial three patients treated with S-1 at dose Level 3 (80 mg/m 2 /day), one experienced Grade 4 anorexia and one experienced an increase of serum CPK due to rhabdomyolysis caused by S-1.
After treatment was stopped, these adverse events all improved. There were no Grade 2 or higher events in any of the patients.
Response and survival
At the initial evaluation immediately after CRT, a complete response was seen in 9 (75%) of all 12 patients and a partial response was seen in 3 (25%). Stable disease or progressive disease was not encountered. During a median follow-up period of 35 months (range, 3-45 months), distant metastases developed in 1 patient and local failure occurred in 1 patient.
DISCUSSION
The main goal of this study was to find the dose of S-1 that could be safely combined with radiotherapy in patients with head and neck cancer. Radiation alone is the standard treatment for T1 or T2 glottic cancer and T1N0M0 nasopharyngeal cancer [11] . However, treatment with radiation alone does not achieve satisfactory results in patients with other head and neck tumors that are T1-2 and N0 [12] . Concurrent chemoradiotherapy might be one possibility for improving the outcomes for these patients [13] , so we included head and neck cancer patients with T1-2N0M0 tumors other than cancer of the glottis or nasopharynx in this study.
Because severe mucositis is one of the major complications of radiotherapy for head and neck cancer, it is often difficult to determine whether CRT or RT has caused it, so Grade 3 mucositis was excluded from DLT assessment in this study. Instead, we defined DLT as suspension of treatment for more than 7 days, so that it included severe mucositis which prevented patients from taking S-1. We think that oral administration of S-1 is important, because its main benefit is that we can treat patients on an ambulatory basis.
In general, the intensity of the side effects depends on the size of the radiation field. In this study, the average equivalent square meter (Eq.Sqm) field length was 9.9 cm (range, 6.0-16.0 cm). At dose Level 3, the Eq.Sqm of the patient with a DLT was 16 cm. This patient developed Grade 3 mucositis that might have been due to a large radiation field. However, the reason for discontinuing S-1 was the increase of serum CPK. In patients with early head and neck cancer, the planning target volume is localized to the primary tumor, so the radiation field is smaller than for that of advanced head and neck cancer. If the average radiation S-1 = dose of daily S-1 mg/m 2 (mg/body), RT = total radiation dose (Gy), Eq. Sqm = equivalent square meter of radiation field length (cm), * = patient who experienced dose-limiting toxicity.
field was smaller than that used in this study, the MTD may be higher than our result. However, CRT is generally not indicated for early head and neck cancer, which is usually treated with small-field radiotherapy.
The rationale for CCRT is that chemotherapy agents may act as radiation sensitizers in addition to contributing their own antitumor effect [14] . In this study, we set up the administration schedule for S-1 expecting that gimeracil and 5-FU would act as sensitizers for radiotherapy. Therefore, we considered that the administration of S-1 on each day of radiotherapy was essential and we used the following schedule: S-1 was administered every day except on hospital holidays when radiotherapy was not delivered.
Chemoradiation schedules with S-1 that have previously been reported all included some weeks of planned S-1 suspension during radiotherapy. Tsuji et al. reported the results of an S-1 dose escalation study with 2 weeks of S-1 administration followed by 2 weeks off S-1, and then 2 more weeks of S-1 administration during radiotherapy (total dose: 60 Gy). They reported that the recommended dose (RD) of S-1 was 80 mg/body/day with their schedule [15] . Sato et al. reported that the RD of S-1 was 65 mg/m 2 /day when radiation was given to a total dose of 60 Gy and S-1 was administered every day for 2 weeks and then was suspended for 1 week [16] . In addition, Tsukuda et al. reported that the RD of S-1 was 80-100 mg/body/day when radiation was given to a total dose of 60-70.2 Gy, and S-1 was administered every day for 2 weeks and was then suspended for 1 week [17] . Furthermore, Harada et al. reported the results of an S-1 dose escalation study that had almost the same schedule as our study. They stated that the RD of S-1 to be 65 mg/m 2 /day with administration on 5 days per week [18] . The difference from our study is that their total radiation dose was only 40 Gy because they were giving preoperative concurrent chemoradiotherapy. There have been other reports on Phase III trials of radiotherapy with S-1 [19] [20] [21] [22] [23] or the combination of S-1 and cisplatin/nedaplatin [24] [25] [26] for head and neck cancer. These studies have demonstrated that S-1 and concurrent radical radiotherapy is safe and well tolerated by patients with complications and is a patient-friendly treatment. In the CRT schedules of all these studies, some weeks of planned interruption of S-1 administration occurred during radiation therapy. To the best of our knowledge, therefore, this is the first Phase I trial of concurrent S-1 and radical radiotherapy for head and neck cancer, in which S-1 was administered continuously during the period of radiotherapy.
In this study, oral S-1 and concurrent radiotherapy were well tolerated and feasible. The MTD was reached at dose Level 3 (80 mg/m 2 /day), so we concluded that the RD of S-1 with concurrent radiotherapy is 60 mg/m 2 /day. Compliance with the regimen was satisfactory and all patients completed their planned radiotherapy. Evaluation of efficacy was not the primary objective of this small Phase I study. To evaluate the long-term outcomes and potential late complications of our regimen, we will continue to accumulate patients and follow them over the long term. We are currently conducting a Phase II study of S-1 and concurrent radical radiotherapy in patients who are not suitable for platinum-based chemoradiotherapy.
CONCLUSION
In conclusion, this study showed that S-1 and concurrent radical radiotherapy is feasible and well tolerated in patients with head and neck cancer. The RD of S-1 with concurrent radiotherapy was determined to be 60 mg/m 2 /body on every day of radiation delivery. This combination therapy may be an attractive alternative to conventional CRT using infused 5-FU for head and neck cancer because of its convenience and feasibility. 
